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(57)Abstract 

PROBLEM TO BE SOLVED: To manufacture 
piezoelectric body thin film elements enhanced in its 
piezoelectric characteristics by forming a crystal 
structure of a rhombohedral system having a specific 
orientation on a piezoelectric body thin film. 
SOLUTION: The piezoelectric body PXT thin film 
element is equipped with a silicon Si substrate 10, a 
silicon oxide film 1 1 formed on the silicon substrate, a 
titan Ti oxide film 1 1 A formed on the silicon oxide, a 
lower electrode 12 consisting of, e.g. Pt formed on the 
titan oxide film, a piezoelectric body film 14 of a binary 
system PZT firm formed on the lower electrode, and an 
upper electrode 1 6 formed on the piezoelectric body 
film. In particular, the PZT thin film 14 is of a substance 
of magnesium niobic acid lead added as a third 
component to titanic acid zirconic acid lead, being a 
crystal structure of a rhombohedral system, and having a 
(1 00) orientation of 30% or more of the crystal structure 
by an X ray diffraction film method. It becomes larger in 

a constant of the piezoelectric as the orientation of (100) becomes higher, thereby improving 
characteristics as an actuator. 
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^9 f-? WSfrtf l ocoiJv ^ fc&o T ^ £ <r 

[ 0 0 5 2 ] JBHBHRJbfcTVPS -^AmSrM 
Stt-tJftSL. £E®E&d3 UfflgLfc. §U£t- 
-AtiU&k (10 0) EfiSi:fflE@ft d 3 1 ffym&Z 

[0053] (1 0 0) OKlfcfiP ( 1 0 0) 



a. p (i oo) = i (ioo) /zi (hk i ) z-m. 
r. z i ( h k i ) xnEwran^c. »«tc u 

K am%mWz£ %<D2 0tf2 0^—6 0gOPZT<7) 

[00 54] ££'L. (200)ffil±(100)®i:^ 
*$^bbWT'&&£#>. 21 (hk 1 ) fcUi-£#>£-V">. 

(100). (110). (111). 

(210). (211). &&WWMWr>WfrZh 
Si I (100) |H]b<PZT^ ( iooimk 

[0055] 





P(100) - 




750*C 


18.7% 


61pC/N 


soor 


31.5% 


90pC/N 


850TC 


55.7% 


132pC/N 


9oor 


64_5% 


123pC/N 


9sor 


52.0% 


120pC/N 


iooor 


37.3% 


lOOpC/N 


10501C 


14.0% 


8SpC/N 



[00 56] (100) <3El*|*P (100) #*<fc 
£«2i\ flE«5@Rd3 1*y:ai<4oT*J0. r?f-* 

[0057] (HMW2 VfflEJbfcTWflGi: L 

y/PttfciDJ&SU;. yVM4<Jw>J:3icllRU:. P 
gfBO . 1 0 S^k ^T-fcfVkr-feh^-— 
1*0. 030=E/k i!T7^yW0! '0 0 7?E;W: 

3 o s y y y wk&b»£. i o ox:fcjiafeLT*iB s 
[0 0 58] :w/^lis^t^S!L. f^yf>7 

^fyrn^i/KO. 0 50^/k ^i^y-^- 
7*0 . 0 1 3^/PS::n^/Hr7y/k/ 5 0 S D U -y 
£SS¥£H£Tj&&nU£. 7-fefvkT-t: h :x£ 3 0 S y l» 

;k*r V/Hf ^feSraWtft £*f L 3 0 fift%m&D L . J: < 
m?LT£m%Y>Ut Lfc (Zr/Ti = 3 0/5 
0) . 

[00591 ^il^n-^AT-bf-Zl^T-fe f>-J— h 
0. 0 3 5^/k h7-f V/Dtf^KO. 0 

4 5t/P (Zr/ti = 35/45) . HtC^/Pr?-^ 
AT-fcfVkT-fc h-f-hO. 040^. f^>f h7 
-fy7D^i/K0. 0 4 0^;KZr/Ti=4 0/ 
40) . ^n-^^T-t^r-feh^.h 
0. 0 4 5^. f-^V-rh^^VT'o^^KO. 0 
3 5^/U (Zr/Ti=4 5/3 5) 0)Ssfl,3=.*}At 



[0060] manMM 1 1 nw^ fr/fittvw» 

/Tit (10 0) i£|pIjKi:ff«^d 3 1 com&Zyjk 

•t. ■ 

[0061] 
[*2] 



Zr/H 


P(100> 


£E«£ttd31 


30/50 


27.4% 


46pC/N . 


35/45 


38.2% 


lOOpC/N 


40/40 


66.7% 


128pC/N 


45/35 


60.6% 


137pC/N 


50/30 


25.3% 

- 


51pC/N 



[o 062] mmmi tmmt ( 1 oo) kisjkp ( i 

00) #K<3r£{5fc'. ff«saSd3 1#*#<ir>T 

[0063] &±cr>m&Mimf2 fcJH^T. TSOTffi 
£LT. Pt, Au^ffiWCSffiHLfca^ PZTjlKO 

(ioo) 3 o%t±tt %tum< . au : 

Pt-Ir; Pt-Pd. Pt-Ni. Pt-Ti^ffe 

[0 0 64] SS3/£#i: LT-e^^A-^j- 

TKffifcJSWCgKliLfctf. PZTSRo ( l 00) S 

§s. a*)\,h-*Tm&. mztp<7)i>cr>z'i>8:<< 

<&t LTNb. La. Mo. W. Ba. Sr. Bifi 5 
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[0065] ii. mz. m&wizttLT. siuttim 

ov^tKW*. H'5*> (A) (i. EMimm^m 

jaw* p z Trnvmrni^t^mm^mm ( s e 

M) 5W S H5<7) (B) (i (A) fcjjrf PZTK<7)¥® 
[0 0 6 6] Hi. 2WPZTMl4{i. ^i£ B B B ft*>£> 

^6<9#?lfg$iiS. £0PZTEe>T*fci&Sfi<S 
ij*$;h.SJf #T«S?& 0 . <! (DTWm<QZ h tTt S 
i0 2 #iES£ii-CUi>. ..^ B H B *<DS^fct g^iT 

j£S*i.TV*4. 

[0067] COttAflstt. S b b b&OMJ¥^(6j (05 fc: 

»/]W»5riftW>« = 1 / 1 0 fiLt 1 / 3 JSlTWftHrt t 
Sit*. 

[00 68] ^OPZT^)fe B e B 1fjt{4. ■ 

fl*c* *) . mfrti ail) o& AareaK mft ix . 

. . Dffifc T P Z TMOM^fi ( X Y Z ) ffi£>KSf§fe££- I ' 
(XYZ) T*Lfc«te» *OJ:3te£«$fL4. 
[0069] 

I (XYZ)/{I (1 0 0)+ I (1 1 0) + I(l 1 1)} 
M^rfi (111) commmt. ff«lA-f ^jgftfcOHfli 

[00 70] 

(111) ffioeiSLK «ER>T#J£8: 
5 0% 8 0 p C/N 

.70% 1 2 0 p C/N 

90% 1 5 0 p C/N 

gE^^^fefH i , 2 Tli. (10 0) OiEiStfW 3 0% 

PbTi b Zr a (A s B h ) c 0 3 + e Pb 
(CLZX\ Afct Mg, Co, Zn.Cd, Mn&tfN 

e, Sc, Yb, Lu, InMCrA^^jp^,! 
«Sit*3«<^k**«rt-. ±fc. BJi, Nb, TaS 
tfSb*&fc*SA»£^§;h.i5flW>£H, 4fcttW 

4/5. ai.b. c ZZtl-etlVUitt a + b 

+ c = l, 0. lOSa^O. 55, 0. 25£b£ 
0. 55, O^cSO. 5, O^e^O. 3. OSf 
^0, 15c, g = h=l/2, n = 0X'$>2>ff. m 



3*=. (ill) «9Ei««*50K£Ltfcrj-*£fcfcj: 
9 . Xftftf i , 2 1 R«*«£ElA"f *5£&£*f-C£S# 

[0071] ff«iAr*jawi. it^m^tmffffi*# 

mn£Ltfmjjfo imsnxim) iz*z 
z(D±o%mm£ffiz.fzPZTmi 5«. -EntiA-r*s 

[0072] i«S6*»4, % JSB*^)J: 3 
^MalcoMffi^-ra^g/ffiJf 2f fl^scsJia* i/iom 
± l/3&rFK>Sfflfi£tiirtiX\ii> . & 4 L < li 1 / 
8fiLh3/10JaTT*9, Sfe'(cff*U<J±. 1/6 
:.v Jilh3/1 1BITT&4. 

[ o o 7 3 ] ;;t, PZTMii. =jg&&£&&frk 

«ff4U^H*c0(tUTtt. V^A'teioT. PZT 

hi><r>xhh. 

[0074] Pb (Zr.Tii.,) 0 3 +YPbO 
(ZZX\ 0. 40SXgO. 6, O^Y^O. 1) 

[0075] Pb (Zrjii.,) 0 3 +YPbO 
(,IiT\ 0. 40^X^0. 6, OgY^O. 3) 
4fcs HjS^JRPZT^fiLVvRflcWttTJi, 

■y^yy/spii iftez^^opzTt. witfs 
5. ) zmuitsiTiz^^tt'igkhztL&m&z 

[0076] 



0+(fMgO) n - • ■ (IS) 

U A^Sffi^ST'^O. i 1 OB4S6ffiO^T 5 5t 
ifci AW2ffi(D£mX'$> r ) . **OB^5ii<0^Jl 
g«l/3T*9. htt2/3T2b9. 4 
fc, AIJMg, B4tNb«»^tR0. ntelZm 
■f.)' 

Ej&ft%<D£W£L^M#mt lXl±. 
=j"7B&T. AtfMgX'$>>). BtfNbX'ih*) . s# 
1/3, htf2/3Thli><?)tfmft>tlh. 

[0077] v>v?)vmzmw&<7). %3js»t lt 
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Pb (Mgi /3 Nb 2/3 ) o.jZr.Tio.j-.Os (x# 
0. 3 5-0. 4 5)*»4>44a*T«*S*l*. 
[ 0 0 7 8 ] $ t> fc. Ztlt>Z&tt%P Z T&yZj&ft 

fcAfc, gfcfi<7)Ba, Sr, La, Nd, Nb, Ta, 
Sb, Bi, W, MoaHXCa»#8HioS*iTfcJ:Vi. 
t 9*>fl\ Hj&fri&Tfi, 0. lOt/WtfETfrDS r . B a 

0. lO^aTOMn, Ni^SSJoa^ * 

[0079] JfirtJ. PZtJKfct fiSRLfcEffl^ W 
*fi(100) <plSAM. fciWifcEfrft (111) t 
wljik (10 0) W&i , BM<Z)^-?iiiHz&<W.ftLX^ 

9, (001) cog B B H Mc^<E|p)LTViT i i 
V\ 

[0080] (mMM3 ) Xt. <I?)»jt£(il;c*:E« 
4. H6«(a)i>t(c)tt. mraLfcJE«#aiBP?^>S- 

®tist»ft 4 mmrnvh 4 . 

[ 0 0 8 1 ] H 6 (a) fc^cf IgT'te, ^SSR 1 

OtjRRft^ffVV-v'U^^aaLhfc. JRBWO. 3~ 
1. 2//mmS^^ , ;3yK'fell lfcJBfKf-*. <K 

0. 0 0 5-0. 04^mgIWyIftillA?: 
I»4. 

[0082] &l^T\ f-^KflaLhfc. 
&4T«®12£. 0. 2-0. 8A<miI(7)ifri 
j£-f4. ifcfc. H6 (b)^-rigTli. I6(a){^ 
■*"IST3gfltLfeT«ft±ft:PZTJRl4&. 0. 5- 
3. 0*tmSSojRffTJKtrs. 3rfc. PZ 

[0083] Jgffcftl3 - 1 : *A. y ^ftfc J; hPZTm 

c5r*>y h t LTfflV\ 2 0 O'C&Tt U Ar 

1 0 0 X#HilW»T. RF7/*hDyxA' . 7 . ^ y 

4 p z t B&meimtmBLktzMi&r 4 . 

[0084] at. £^«K^£;WftLttAfcLT* 
ISS-fr*. i^lflBi. S^#a^4> («itr % K* 

(0 0 85] *l«Jl«aSttJViTtt, 7 

^7 7*#*>IMBtt«£. Mff?J§m#T*5 0 0-7 
OOX^tf^TlflSU iiifcJ:-jTIWB*JI*8 



[0086] *2*>ilS6lgfc*JVvni x 
ttftttfcj**** . $ ^{=SB B BSiS!±0^2-{£jt§-^ 

5:750-120 OTCSSoaUETlBif 4 . -I OJlSS 

ml g&ftoiaw. nMi4ffit«LT«saanfti 

/3-1/1 0O«HT*j«S<i«4TSBfcSil4. 
[008 7] COiptcLT. TWfctfc. £&Aft*> 
MrD, ^fS^TtoiBt^LTs&gil^ (H5 
^Y^-ffi]) 1 fc fcfc. M B B aM^If 

Si* (@5C7)Y^[P]) ^^A&OJIIftfflOff (X 

±D*<. fe B B B &wffiff^fticDigfc . SM^B B B ?i 
1/3-1/10 tftfEBfcfc 4 P ZTM£Jgj£ L 

. [0088] zzx\ miwwkimt. m2<Dtmji 
->Jta. M&tr&aiu -e^t^2^jD^rg^^f 

[ 0 0 8 9 ] £ 1 &tfjg2 cr>W&JJgX'&. fflSfrggiP 
!93*LfcfllJiOPZT«l 5£»/£$-g1i4|RtK 3* 

mtf-Bttw =5ri5. »iai«i2^iia!a:sfc4sfts 

L<li. 1 0 0TC/»£LhT*4.. 
[0 09 0] @7fi. ^y^isact-jTPZTWliiE 
*JR*JBiacf4«^fc:ijft4. PZTKXIi PZT 

*3j£^fcLT. ge^O (IS) OPb(A g B h )0 
3^+*^. PbCMgx/aNb^gJOs^fflV^TV^i. 13 
70A.-B, C, D, E, FTH4fUt«W#iOfflj£ 

[0091]PbZrO 3 :PbTiO 3 : Pb(Mg 1/3 
Nb 2/3 )0 3 = a : b : c t±3V^t#. (a,b.' 
c ) **/WT$ttb . Jt P (C*4 . 

[0092] 

A: (45, 55, 0) 

b ': ( 5 0 , 5 0 ; 0 ) 

C : (25, 25,50) 
D : (10, 40, 50) 
E: (10, 45, 40) 
F : (35, 45, 20) 

ttcb-h, 10gaS50, 20SbS55, 0£c£ 
5 0T*4. Znmit. 1512 ( I ) siCTRIBUJtfiH 

[0093] H 7 ( C-B ) itehtM 
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[0094] PbTi0 3 £ s PbZrO s J:9. 

[00 9 5] ifc, H70£»#*JKD-E.-F- 
A) tt, ftVi«E£*£ft ( 1 OOpC/NJiUb) 
ifcibfcJ&frWifc. S6fc, Er7«)JhH*»t# ( D — 
C) li. **y-ffilB^BSfcaE-?<fctf>. -r'Uxk 

( I ) jCT^Sftsari&BH* 1 , 01 5(ds$*vO> 
4. 

• [0096] »&W 3 - 2 : yVk^I^fci ^.gjt^a 
.ItfJSiSHfcTli. PZTK£JB«igfKf^S#«0;Jc 

e>jjmiz-owxmwt&. ntit>0r/iv?Ami* *t: 
awufcuaw i &1/2 1 immmx'h -r £ cat 

[0097] (-eoi) 
a. /A«jfiaw>jSKrs 

PZTJR*»l£TgiB!arA«<07^3^^H4fc 

**T#4. *fHBfc*JV^Ttts y^O^SOffi^^fJ 
BBC«DPZTJ««Hjai»4ik^T* 

[0098] #HifeMTf;t S&tofcP Z TBI (ffS* 
3St) fcSfL44Tt, PZTJ8S-«fife-r4&»«^) 

4PZTJR*<9&ISSj£fc-^S£J:fc:fir5. 

[ o o 9 9 ] ifc. *iiws-rtt. JGB£<^j£4hP£si 
[oioo] ^mmmx'it. ^/Mitm^^it-k 

toktiteZkMOimk Lxm^hi\b<r>t>m$ U\ 



[ 0 1 0 1 ] ff 4 IX Eofcft4**«HHfcd*fc t 

7S?g. 7-fe?-;HE;Po-;<&tf*4>BSS*. &£>tf 

[0102] ^mmmx-ii. Tifvwmt'-juzm 

%\rf&tkX\ 0. 0 5 jJim4>W£i>>m&£9&rt* 
5^4.1 iT\ 0. ljunUaT<0^STi»Oj£V^^ 

[0103] ^£teWTii/iKy xf-^y^y 

^-LT. 3 F%# J F*2 8 5-4 2 OSKOfc^ffifitffl 
ifc. XVmvlyyyy-n-jVkLXlt^ 
^^jH"M3 0 0-80 0S8^feO#ffSfc:JflV^*i 
4. 

[0104] af«itWfc:ffi*i8a*i6TJi. ft"f s 
yA*J^£PZTR£»j*Li3fc-*-*T*ff (06 

..yQiffl, *y-t>vhmmmz£^xwfitz>zki>T£ 
b. 

[0105] SfitfctJ: 0^$iTJtpoJ5${i. 

\to: l-lummMk^htkif^. 
[0106] friz. mftZtUiVMBBaik*: i£ffi£L 

43t«2oox^iT(?5saKTftas-r4. «i<it% 

. m&*m<-thzki>x*%h. n(D^i. Tt&k%z> 
8 o°ctxt(D&mx'$mztizz t#sa u^. 

[ 0 1 0 7 ] b . V'7loHjjciftii4, i flr4K«y/HtES 

[0108] ft&MU y^ffldBftoat yyHtL.. /{po 
[0109] *H^!(T*Ji, ji^agr 3 0 0-4 5 0 

x:izi-hzktf1ittL<. 3 5 0-4 0 0*C{rr^c:t 

Wi. 10-12 04)«flM«llF4L<. 15~6 0#H 
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fflOfc*£fcli. l'-6 0»iIifj?iL<. 5-3 0 

X. T»SLJbfc#?L*^UflR3Wft£$Wt. 
[OllOJc. -TV7=.-)V1M 

[0111] *HfKfCti. MfiS&Kfc LT4 0 0-8 
0 0*C<7)®B#W£ L<, 5 5 0~7 5 0°CO®HT'M 

jfttidk^ ibffiu^ M^^raji. 

Vm?hiF<m£lzJ:^Z3£tt.-tZ>iJ i . Mi.fe£7-- 
MFi&mt&Zr&i. 0. l~5BSI3teB&Wff*L 
<, 0. 5-2f$IS^#U:9#i:U\ RTA 
(Rapid Thermal Anneal ing)jFrfflV^%^, 0. 1 

[0112] itz. JgmfflX'ii. dc7)TlxT--;PX 

JH-SHtLT. 4o6-6oox:ottH<ojairrru 

7--^*ffV\ fcfc* JKZgWfckT* 6 0 0-8 0 

#£L<i2, H-&PgfcLT. 4 5 0-5 5 0-O0&B 
<6a*TTV7-:-/l'£frl\ mz, tnzSsttLx. 
6 0 0—7 5 0iC^)KfflWiWtr7 , L'7--;P*fT3 . 

[0 1 13] d. IsDjSLXg 

mML^Xga. b&tf c £^&< & 1 0JiLh 

7U7--/\^kfrte. Tn&tizwumnmemi&Uz 
^tmtx-hi. 

[oii4] z<mvi£LJM0i&mt>tL&&mB&> 
mm±. &m&pzTB(p>smi:&*Lx3tzm&t 

iliX il^ m^tl»<fcrS (He) fcfeV^T^7*y 

[0115] ^^mLxmx'H. ftiz&&uzm± 
izmtiiz&xmyjmmzm&L. ^m>ruT-~ 

&ztitimtmmmz-ftfc2titimt%h. 

to 1 1 6] zzx\ mmiz-ftfczhfzmtu. m 

fflUcfli««»Wfc#4,ii6PZT«l 5<#t&b*t: 
T, 3 4>fcIHa. batfcfc»93E-r*£fctt. 



[0 1 1 7 ] ff*ft«B»^t»ia«-6fcA<W« 

[0118] e . ^n/X*^ h^ a B B ^*Ig 

iSdTftfcJBtc. £&£&g6 0 0—1 2 0 0 
•C. $4>tC#£L<{2:8 0 0- 1 0 0 0°C<D%mx*7- 

-ivtto. %m&s*?. mt&fFcm 

■ &tzi->xmctbtf. mm. 7-->HF£jBv*fc* 

£\ 0. 1— 5«flSB*3& f ff4L<. 0. 5-2EgfaS 

o. l-ioaiafjiK. o. 5-3#ms#J: 

[0119] I^n/^^^ hSfePdSfiXifl. -TSr 
... hh. 7-"-A'*ZSBfc^{tT5ltSt-4,i t tT'£ 

5. iftwai s^gaertt.' 6 o o-s o o°am 

<^^SX'7~~lhi^fU^ HxgpgTIi:, 8 0 0—10 
0 0X»tfBjrC7--^*?r5. S4>(c#4L< . 
i±; JfMSPiTii. 6 0 0-7 5 0*OI«?>i&gT-7- 

-;i^?tv\ srzgpgT'te. 8 o 0-9 5 o-c<D&re 

7--/l<£ff5£i:* J "C£a. 
[0120] JjLh^^CtoT. T*ffl 4±fc, £ 

mxmz&£tz>b t hiz. mAf&miv&nwnito 
B^fo*M/w&meM= 1/10-1/3^ 

[0121] ( -^O 2 ) &IZ . 0 —t>W)Vfl\>m: 

mm \,tz&%wmmsk^<rmmmz^xw%-fh . 

[0122] f . #7L3f y/niiMig 

[0123] *H?feMT'li. StS R^ffii? 2- . l^mH 
TfcSJrfi-rfctf&aL^ 0. 5^mOT3-tS^ 

•S^hT'. <^<7)Xg (He') t l Ztm&Tl'7--Jl' 
[0124] c ' . 7V7--/HS 

»ftll:tfe*jScT»7S-WUfJ:v\ i<0^<7) 
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mmmztuzmmmtf. MHk9<mmbz%mztitz. 

[0 12 5] d'. mmLJM 

i> 1 0JiLhm ojilt, znm-y /v&mwmmmzBfS. 

Si*SI^£S4>fcl!3fiLhil!9£?-. £<0J:3fcL 

[0126] «r wild ■ izi-oT^tztismmmnm 
[0127] zcomvmLxmx'iz. fttzmi&LizBLt 

4. 

[0 1 28] &mimmm i F£Bl8.-?Z>fi:!bW 
[0129] -POSL IS e TSffi 14±C. 

#\ MW1jfi]co<&/tigg.lJfi]co$%= l/l0~l/3O 
®HT'&6 P Z TBt*m, Lfc. 
[0 13 0] 06 (c){3^-TXST'{i:. 06 (b) 
t*^"XST*fePZT|8Jbfc, XrCy^&fcri-iT. 
EMtiK 0. 2—1. 0 ju mW%.(7)T)l< S —^Afr^j; 

[0131] ioi 5fcLT. H2tgrtff«#SWB8S 
^fcftfc. =5:±J. f*£*ufcPZTJKl4fc:i±. ^77? 

[0132] (ggftfiffe ) ggffeft3 (C«*£E*# 
(JfcKiFn 1 ) t ^EmiA-r^S^ (pC/N) L 

tz t Z h , JgBga 1 <7)ffmtA-f *^Ki , 1 5 0 i> c/ 
NTJ> 0 . ifcl&& 1 <VTmLh-f&%mi , IOOpC/ 



■ [0133] z<oggk. &mi ii. ma 1 tifc^ 

^V--?*%3k?)W£i±^ 2mm<£OPZTK>y h/A'?— y 

£. Jt^il^PZTJ^8lr®£5^SEM^ 
$-H8^. 0 8 fcijcf P Z T^tfO^-® ^^-f S E M^S 

[0134] &i>. HifcW3TH. PZTM, 
t«LTBSSa3Srrtlt:#fiLfeflfe*«i.fePZTJKSr 

\$.miX'hz>. . 

I 0 1 3 5 ] ^&feM3Tii. i B B H ft«gf#. « 
fl&WffifcWLTPffil^fc^ftU g B B a «^ B B B& . 

< . SSfioliffifriSi^Bi: . ^^B B B&^Kffi^r(^^> 

Ht^RE**. filffifrf^^MJS^I^^l/l 0 

~~i/3cr>fflmx-mi&ztLx^2>pzTmi / z^xm% 

Itztf. PZTKii. ^^itlSWW, IS 

. [ 0 1 3 6 ] (hmm 5 ) m 1 0 {i, 
ttWtt&Tttnmmiixti&t^TmasiL ( s' 
em) fitsi,. cdoiawsni. 
W4 fcwfflitjatc-oviTagiL. ^0«3 1 ii«c7)^ 
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